BACKGROUND CONTEXT: Non-surgical rehabilitation therapy is a commonly used 3
In the majority of persons with low back pain (LBP), a specific diagnosis cannot be made [1, 17 2] . Without knowledge of the underlying cause, finding an efficacious match between any 18 individual LBP patient and an almost infinite selection of therapeutic options is highly 19 problematic [2, 3] . Consequently, the resulting trial and error approach to matching patients 20 and treatment perpetuates the expense and prevalence of LBP [4] [5] [6] [7] . 21
22
While the various etiologies of LBP await discovery, investigators have attempted to 23 improve treatment efficacy by developing diagnosis-independent techniques to match LBP 24 patients to treatments that are likely to succeed [2, [8] [9] [10] . To date, several baseline variables 25 have been identified that predict which patients are likely to respond preferentially to a 26 specific therapeutic intervention. For example, Childs et al. [8] formulated a clinical 27 prediction rule based on a constellation of five variables (symptom duration, symptom 28 location, fear-avoidance beliefs, hip rotation range of motion and lumbar mobility). In 29 persons who were positive for 4 or more of the 5 prediction variables, the estimated 30 probability of treatment success using spinal manipulation was estimated at 92% of those 31 subjects [8] . 32 6 Musculoskeletal dysfunction is one of the causes of LBP and surface EMG (sEMG) is 34 widely used in clinical experiments for biomechanical and musculoskeletal analysis. sEMG 35 has been renowned for being non-invasive and dynamic application, a gold standard for 36 measuring muscle function [4, [11] [12] [13] . With use of surface electrodes (sEMG), this painless 37 and easily applied technique has been used extensively to document muscle impairments [4, 38 12, 14] . The objective sEMG measurement of global muscle groups is potential to offer a 39 reliable reference for physiotherapy treatment of LBP and so to play a role as diagnostic and 40 monitoring tools. In the past few decades, many researchers have been working in 41 quantitizing sEMG signal for LBP assessment, such as raw sEMG, median frequency, reflex 42 latency and positions of standing, trunk flexion/extension and sitting, etc [15] [16] [17] [18] [19] . Increasing 43 number of literature reports that there are significant differences in sEMG between the LBP 44 patients and the normal people which offer potential clinical application of sEMG for 45 diagnosis of LBP [13, [20] [21] [22] . 46
47
Although sEMG is used commonly in the spine, interpretation of its results can be 48 problematic given the spine's multiple layers of overlapping muscles. As a result, several 49 investigators have developed spatial arrays of sEMG electrodes to describe regional muscle 50 activity rather than activity on a per muscle basis. From data derived in this way, the 51 localized sEMG root mean square [23] value of an array point can be estimated by a 2-D7 topographic representation of muscle electrical activity using a linear cubic spline 53 interpolation [13] . The result is a visual representation of muscle activity over a two 54 dimensional region [13] . Our hypothesis was that topography sEMG testing may prove 55 more valuable to assess the lumbar muscle function during dynamic flexion-extension and 56 its potential use to predict the prognosis of functional restoration rehabilitation in a 57 population of chronic LBP subjects. It would be helpful to classify those patients who have 58 good respond to conservative care. 59 60 61 8
Methods

63
Subjects: 64
A total of 43 healthy subjects (mean age = 32 ± 6.5 years, 23 males and 20 females) and 38 65 patients with chronic non-specific LBP (mean age = 42 ± 9.7 years, 28 males and 10 66 females) were recruited based on inclusion and exclusion criteria ( All subjects received lumbar muscle sEMG test after enrolment. The sEMG data were 72 collected from the lumbar region using a 7x3 array of electrodes applied evenly in the 73 lumbar region from the spinal level of L2 to L5 (Figure 1 ). Each sEMG electrode was 1.5 74 cm in diameter and applied to alcohol-cleaned skin having impedance of less than 10 k as 75 program is based on a "functional restoration program" [25, 26] that is divided into three 94 phases: physical conditioning (5 weeks), working conditioning (4 weeks), and work readiness 95 (3 weeks). In the physical conditioning phase, patients received 4 hours of physiotherapy (PT) 96 and 2 hours of occupational therapy (OT) each day. These therapies focused on spinal 97 mobilization, back muscle strengthening, cardiovascular and work skill training. In the work 98 conditioning phase (PT: 3 hours/day, OT: 3 hours/day) and work readiness phases (PT: 210 hours/day, OT: 4 hours/day), patients continued with work simulated tasks as well as 100 strengthening exercises, treadmill activities and pelvic stabilization training. 101
102
Clinical assessments: 103
At enrollment, LBP patients were asked to complete a standard intake questionnaire to obtain 104 self-reports of age, gender, weight, height, medical history, the location and nature of their 105 symptoms. Before and after a 12 week rehabilitation program (see below), subjects completed 106 1) an 11-point visual analog pain-rating scale (VAS) ranging from 0 (no pain in the last 24 107 hours) to 10 (worst imaginable pain in the last 24 hours)) and the 2) Oswestry Disability 108
Questionnaire (ODQ) [27] . 109
110
According to the results of the ODI and VAS evaluations, the LBP patients were categorized 111 to 2 sub-groups as either "responding" or "non-responding" based on the minimal clinically 112 important difference (MCID) reported for the VAS (2 points decrease) [28] or the ODQ (10 113 points improvement) [29] . In the present study, LBP patients exceeding the MCID of the 114 VAS, ODQ or both were considered to be responders. Otherwise, they are regarded as (1) 125 where x i is sEMG signal, and n is the sampling number within the analysis window (n=400 126 in this study). The RMS values of each analysis window were normalized to the maximum 127 RMS value among all of the analysis windows of a whole flexion-extension circle. To 128 construct a 2-D SEMG topography, the RMS values of the 16 SEMG channels within a 129 definite time interval were calculated as per a 160 x 120 matrix, using a linear cubic spline 130 interpolation of each scan as described in a published report [13] . During the whole 131 flexion-extension circle, each block of sEMG signals can generate a frame of topography 132 colour map. Therefore, a sequence of 50 topography frames (10 frames in flexion, 20 133 frames in relaxation, 20 frames in extension) can be created. Fig. 2 (a) demonstrated the 5 134 continuing frames of sEMG topography in flexion action. The topography represents the 135 intensity of sEMG distribution by the colour gradient, in which a blue colour means the12 lowest value and a red colour is the highest value. In each frame, three topographic 137 parameters, namely relative area (RA), relative width (RW), and relative height (RH), as 138
proposed by a previous report [13] , were used to measure the features of the highest 60% 139 RMS value region in sEMG topography as shown in Fig. 2 (b) . where is a set of the mean value from normal data (reference data), 151 is a set of the LBP patient group data (compared data), and N is the 152 sampling number. 153
In this study, all the topographic parameters of the RMSD during relaxation phase was not 155 taken into consideration since the sEMG signals in the relaxation phase was lack of lumbar 156 myoelectric activities. Therefore, the parameters of RMSD RA, RMSD RW, RMSD RH in 157 both flexion and extension were calculated. 158 159
Statistical Analysis: 160
All presented data were analyzed using SPSS 16.0 software. RMSD RA, RMSD RW, 161 RMSD RH in both flexion and extension from normal group and the "responding" and 162 "non-responding" groups were compared by one-way ANOVA. The sensitivity and 163 specificity of parameters were determined by the ROC curve. P-value < 0.05 was 164 considered as statistically significant. 165 166 14
Results
168
Time-varying topography of healthy subjects 169 Figure 3 presented a sample time-varying relative area (RA) curve of a healthy subject. 170
Time-varying curves of topography parameters, i.e. RA, RW and RH, were calculated in all 171 healthy subjects. Then, normal patterns of time-varying RA, RW and RH can be obtained 172 and presented in Figure 4 . 173
174
Comparisons between the "responding" and "non-responding" groups 175
As shown in figure 4, a sample curve from a LBP patient was plotted on the normal pattern. 176
It showed an obvious bias between LBP and normal curves. An ANOVA group comparison 177 of time-varying RA, RW and RH showed significant difference (p<0.05) between the 178 healthy and LBP groups. To each LBP patient, RMSD parameter can be calculated as a 179 quantitative measure of the discrepancies in comparison to healthy normal data. 180 physiotherapy treatment. Significant differences were found in RMSD RA and RMSD RW 186 in both flexion and extension phase between the "responding" and "non-responding" 187 groups (p<0.05). However, RMSD RH did not show significant difference between the 188 "responding" and "non-responding" groups. be capable of resolving all LBP complaints in all subjects. In various manipulative and 210 exercise therapy [10] , this study attempted to evaluate the prognostic value of dynamic 211 sEMG topography in an intervention focused on treating excessive muscle activity. In this 212 study, 16 of 38 LBP patients experienced pain relief or functional improvement after 12 213 weeks of intensive. Therefore, by understanding which subjects may respond to care in 214 advance of its provision, the potential exists to prescribe the intervention only to those most 215 A previous report proposed the quantitative analysis of sEMG topography as an objective 219 method for LBP rehabilitation assessment [13] . The present study further developed the 220 time-varying quantitative analysis of sEMG topography rather than a static topography in 221 each sub-action of the forward bending motion. Findings in time-varying parameters of 222 sEMG topography showed significant difference in LBP (p<0.05), which support the 223 previous results that LBP showed different topography from healthy subjects [13] . In 224 addition, the aim of this study is to observe whether the time-varying sEMG topographic 225 parameters can differentiate the "responding" group and the "non-responding" group of 226 LBP, so as to evaluate its prognostic value. 227
228
To measure the dynamic surface EMG topography, time-varying RA, RW and RH patterns 229 could reflect the dynamic change of lumbar muscular contraction patterns during the 230 flexion-extension motion. In the present study, RMSD was proposed to evaluate the 231 discrepancy of time-varying sEMG topography between any individual LBP and the mean 232 value of healthy group. The lower of RMSD indicate the most similar pattern of the sEMG 233 topography. As shown in figure 5, RMSD RA and RMSD RW of responding group were 234 found to be significantly lower than that of non-responding group. Even without statistical 235 significance, RMSD RH also showed an obvious lower value in the responding group than 236 in the non-responding group. It suggests that the LBP patient, with the dynamic sEMG18 topography pattern close to normal healthy, would most likely respond to rehabilitation 238
therapy. 239 240
Prognosis of LBP has been discussed in a lot of literatures [31, [33] [34] [35] [36] [37] [38] [39] , but most of the 241 prognostic variables are not specific with individual patient. In this study, the discrepancy of 242 every individual patient from normal data can be quantitatively measured and plotted as 243 figure 4. The merit of this prognosis tool is that it can provide a valuable prediction to 244 clinician and the patient to select the most appropriate treatment on the early stage. ROC 245 analysis On the other hand, the results of ROC curves showed that the area under curves 246 (AUC) of four RMSD parameters, RMSD RA and RMSD RW at both flexion and extension 247 are greater than 0.5，which prove the prognostic value of RMSD parameters. 248 249 There were two limitations in this study. The healthy subjects in the control group were 250 younger than patients because of the difficulty to recruit healthy subjects older than 45 years 251 old. The second limitation was that we did not collect body mass index (BMI), so as to not 252 analyze the effect of BMI on the surface EMG topography. Four prognostic parameters of 253 time-varying surface topography were proposed, but it is still to determine a clear threshold 254 as well as a optimal combination of parameters for predicting prognosis in a separate study 255 of large scale LBP population. The area under curve (AUC) of each ROC curve is >0.7 and is statistically significant (p<0.05*). 
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